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博士学位論文内容要旨  
Abstract 
 
Kuwait Bay experienced environmental catastrophe fish kill events  which resulted in the loss of wild type 
species known as Mullet caused by harmful algal bloom Gymnodinium sp. and infection caused by the bacterium 
Streptococcus agalactia outbreaks due to the high levels of organic nitrogen mainly from the sewage outlets. 
Following the incidents no ongoing monitoring program was established in the EPA to monitor the overall health 
condition of the fish in the bay following the fish kill event by the use of histopathological, hematological and 
molecular techniques which can act as powerful indicators for stressful conditions and impacts from the environment. 
Ammonia is hazardous on the aquatic systems causing various complications affecting fish health and resulting in 
fish mortality. 
The interrelation between the hematological, histopathological and gene expression have proven to be time 
and dose dependant having a linear relation under the influence of toxic ammonia exposure. The hematological and 
histopathological changes observed in the gills, liver and kidney of zebrafish in the present study indicates that the 
fish were responding to the direct effects of the toxic ammonia and secondary effects caused by stress. In addition, 
Gata-1, Gata-2, Csf3, Csf1a and MPO down-regulation in the liver and kidney was detected at highest ammonia 
concentrations 72hrs. Such a down-regulation indicated a higher degree of histopathological damages leading to 
hematological alteration and resulting in a weaker health state. Fish exposed to the high levels of toxic ammonia 
exhibited hematological, histopathological and molecular alterations to the gills, liver and kidney at all exposure 
periods 24hrs, 48hrs and 72hrs.  These findings suggest that at E3: 25.81 mg/l NH3-N 48hrs was estimated from the 
tissue indices and integrated analysis as the critical point. After such a point further fish health deterioration caused 
by ammonia lead to unbalanced internal homeostasis by the severe alteration detected by the target organs affecting 
hematological, histopathological and immunity to function adequately. Additional study of the immune response is 
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required to fully understand its activity by using immunohistochemitry staining signal expression of green 
fluorescence protein (GFP) and white blood cells differential count. 
The outcomes of this study will help contribute to establish a fish health monitoring program and laboratory 
at the Environmental Public Authority of Kuwait. Such routine sampling program will help monitor any health 
complication prior to any fish kill event by assisting the conditions and quality of Kuwait Bay and quality of fish for 
human consumption. 
 
 
